Background: The 21-gene recurrence score (RS) assay is retrospectively validated for assessing prognosis and benefit from chemotherapy in hormone receptor-positive, early-stage breast cancer (EBC) with low RS. We hypothesized that oncologists have already incorporated the RS assay for decision-making in higher-risk, node-positive disease, despite the lack of prospective data and contrary to NCCN Guideline recommendations. This study provides the first analysis of trends and differences in RS use and therapeutic implications in a population-based data set of patients with node-positive EBC. It also assesses the impact of the RxPONDER trial on clinicians' chemotherapy recommendations. Methods: Node-positive EBC cases diagnosed during 2010 through 2012 and included in the National Cancer Data Base were used. Multivariate logistic regression was used to estimate test use and impact on chemotherapy recommendations. Results: The RS assay was ordered for 16.5% of the 80,405 identified patients. Of all variables, the RS assay had the strongest association with chemotherapy recommendation, with adjusted odds ratios (AORs) of 19 for scores >30. Odds of chemotherapy recommendation were significantly lower for the group who received the test (AOR, 0.21; 95% CI, 0.20-0.22). When divided based on the cutoff point of 25 adopted by the RxPONDER trial, those with an RS of 18 to 25 had significantly lower odds of chemotherapy recommendation compared with those with an RS of 26 to 30 (AOR, 0.32; 95% CI, 0.26-0.40). Test use was lower for blacks, community centers, uninsured/governmentally insured patients, higher tumor grade, larger tumor size, and more nodes involved. Chemotherapy recommendation was higher for patients of younger age, with private insurance, and with higher tumor grade, size, and number of nodes involved. Black patients had significantly higher RS (AOR, 1.37; 95% CI, 1.25-1.79). Conclusions: The RS assay influences clinicians' chemotherapy recommendation in node-positive EBC. Clinicians are using the inclusion criteria of the RxPONDER trial before its final release. Black patients have higher RS, likely representing worse biology. Significant differences exist in test use and clinical implications based on race, insurance, and facility.
Background
Adjuvant chemotherapy was once considered the standard of care for patients with primary breast cancer with tumors >1 cm regardless of axillary lymph node involvement. [1] [2] [3] However, given disease recurrence rates of The recurrence score (RS) test (Oncotype DX; Genomic Health Inc., Redwood City, CA) is a reverse-transcription polymerase chain reaction-based assay of 5 reference genes and 16 cancer-related genes, including those associated with cell proliferation, invasion, and hormone response. 5 It became commercially available in 2004 and uses a continuous scale (from 0 to 100) to predict the 10-year cancer recurrence risk and benefit of adjuvant chemotherapy in patients with early-stage, ER-positive, lymph node-negative disease. 5, 6 The RS assay results are traditionally categorized into low (RS <18), intermediate (RS [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , and high risk (RS ≥31). The cutoff points were chosen based on the retrospective analysis of NSABP trial B-20. 4, 6 Although originally recommended and validated for lymph node-negative early-stage breast cancer (EBC), [4] [5] [6] [7] [8] [9] retrospective analysis of multiple studies also demonstrated prognostic utility of the RS assay in patients with lymph node-positive EBC. 10, 11 The first of these studies was based on the SWOG-8814 randomized clinical trial, the results of which were published in 2009 and showed that adjuvant treatment including both chemotherapy and tamoxifen yielded a longer survival benefit over tamoxifen alone in hormone receptor (HR)-positive, nodepositive breast cancer. 12 The data were subsequently retrospectively analyzed using the RS assay as a discriminator for benefit from chemotherapy by tumor biology, and demonstrated that low RS predicted for absence of benefit, high RS predicted for significant benefit, and the intermediate RS group was underpowered but without significant benefit. 13 This study provided background support for the January 2011 launching of a prospective RxPONDER trial (Rx for Positive Node, Endocrine Responsive Breast Cancer) comparing survival rates with or without chemotherapy in addition to antiendocrine therapy for patients with node-positive breast cancer with lowto-intermediate RS.
14 It enrolled patients with HRpositive and HER2-negative disease who had 1 to 3 axillary lymph nodes involved. Subjects with RS ≤25 were randomly assigned to either hormone therapy alone or combined hormone and chemotherapy. All patients with scores >25 were assigned to receive chemotherapy. Accrual is currently underway and results are not yet available.
Although many smaller studies have shown that the RS assay influences clinicians' recommendation for chemotherapy, [15] [16] [17] [18] the first nationwide study that involved Medicare beneficiaries recently showed no change in the use of chemotherapy after adoption of the RS assay. 19 The NCCN Clinical Practice Guidelines in Oncology for Breast Cancer contain a footnote suggesting that the RS assay can be considered in select patients with 1 to 3 involved ipsilateral axillary lymph nodes, with ER-positive, HER2-negative EBC to guide the addition of combination chemotherapy to standard hormone therapy. 20 We hypothesized that, despite the lack of prospective data for node-positive disease, clinical practice has been substantially altered by widespread use of the RS assay.
Using a large sample of patients with node-positive EBC diagnosed between January 2010 and December 2012, the current study aims to provide an analysis of current trends and differences in the use and clinical implications of the RS assay in patients with HR-positive, node-positive disease. It analyzes the impact of RxPONDER trial design on clinicians' recommendations regarding chemotherapy before the final release of its results.
Methods

Data Source and Study Population
The National Cancer Data Base (NCDB), a nationwide cancer database sponsored by the Commission on Cancer (CoC) of the American College of Surgeons and the American Cancer Society, was used in the current study. It captures approximately 70% of all newly diagnosed cancers in the United States, and covers approximately 1,500 CoC-accredited hospitals. 21 All cases of node-positive breast cancer diagnosed from January 2010 to December 2012 with known RS assay status (ie, those with the test known to be ordered and those with tests known not to be ordered) were first selected. In order to check for the factors associated with ordering the test and the effect that ordering the test had on adjuvant chemotherapy recommendation, those who had the test ordered and had pT1, pT2, pN1 (with 1-3 lymph nodes involved), HR-positive, and HER2-negative disease were later selected and compared with those who did not get the test and had corresponding disease status.
The RS assay results were classified into low (<18), intermediate (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , and high risk (≥31). 4 In order to further evaluate the effect of cutoff point of 25 proposed by the RxPONDER trial on chemotherapy decision, the intermediate scores of 18 to 30 were further classified into categories of 18 to 25 and 26 to 30. Cancer centers were divided according to the NCI classification into (1) community centers that treat 100 to 500 newly diagnosed cancer cases annually, (2) comprehensive community centers that treat ≥500 newly diagnosed cancer cases annually, (3) academic centers that are similar in size to the first group but also provide postgraduate education in ≥4 program areas, and (4) integrated network cancer programs that are a part of a joint venture, with multiple facilities providing integrated care. 22, 23 Charlson comorbidity score (CCI) was used to account for patient comorbidities in the involved study population. This score is a method of predicting mortality based on the weight each comorbid condition has on the life expectancy of patients.
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Statistical Analysis
Multivariate logistic regression analysis was used to calculate the adjusted odds ratios (AORs), 95% confidence intervals, and P values for the association of selected covariates (age, race, sex, type of facility, insurance status, year of diagnosis, CCI, tumor grade, tumor size, and number of lymph nodes involved) with the outcome variable of "ordering the test" and the odds of "recommending chemotherapy" for each group.
The Hosmer-Lemeshow test was used to check for goodness-of-fit of the regression models. All analyses were performed using SPSS version 18.0 for Windows/MAC (IBM Corp., Armonk, NY). All tests were 2-sided with a significance level of 0.05.
Results
Use of the RS Assay in Node-Positive EBC
From a total of 80,405 lymph node-positive breast cancer cases with known RS assay status, the RS assay was ordered for 13,288 (16.5%) of cases. Of those who had the test ordered, 10,434 (78.5%) had pT1, pT2, pN1 (with 1-3 lymph nodes involved), HRpositive, and HER2-negative disease. Table 1 shows the differences between patient groups in whom the test was "ordered" and "not ordered" while having the aforementioned disease characteristics. Significantly higher odds of getting the test were observed in older ages (AOR, 1.52; 95% CI, 1.36-1.71), women (AOR, 1.65; 95% CI, 1.29-2.12), insured patients, and academic centers. Compared with the community centers, comprehensive community, academic, and integrated cancer network programs were all significantly more likely to order the RS assay. Table 2 demonstrates the odds of recommending chemotherapy for both the ordered and nonordered RS test groups. The nonordered group served as a control for estimating the pattern of chemotherapy recommendations independent from the test score. For this particular group, the odds of recommending chemotherapy were higher for patients with younger age, private insurance, larger tumor size, higher tumor grade, higher CCI, and ≥1 lymph node involved. Similar patterns of chemotherapy recommendation were observed for the group that received the test, with the exception of lack of differences between race and different insurance plans. The overall rate of chemotherapy was 37.5% for those who received the test and 75.1% for those who did not. When adjusted for age, race, insurance status, type of facility, tumor size, number of nodes involved, tumor grade, year of diagnosis, and comorbidities, the odds of chemotherapy were significantly lower for the group who received the test (AOR, 0.21; 95% CI, 0.20-0.22) (data not shown). It is noteworthy that although the study adjusted for many predictors associated with the RS score, this would not provide full adjustment for all expected differences in the RS results.
The RS had the highest adjusted odds of recommending chemotherapy, with an AOR as high as 4 
Discussion
To our knowledge, this is the first study that analyzes patterns of use, therapeutic implications, and disparity profile of the RS assay for node-positive EBC with 1 to 3 lymph nodes involved using a national cancer database. It is also the first study that analyzes the adoption pattern by medical oncologists and practical impact of the RxPONDER trial in the United States before the final dissemination of trial results.
Our study revealed that the RS assay is an independent predictor of chemotherapy recommendation in node-positive EBC. AORs for the intermediate (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) and high (>30) scores were 4 and 19, respectively. The adoption of the test is associated with a trend for decrease in chemotherapy recommendations by clinicians. However, when the intermediate group was divided based on the RxPONDER cutoff level of 25, those with scores of 18 to 25 had significantly lower odds of receiving a chemotherapy recommendation compared with those with scores of 26 to 30 (AOR, 0.3). The observed difference in chemotherapy recommendations between both intermediate groups was independent from factors such as age, race, comorbidities, insurance status, type of facility, tumor size, and number of nodes involved. In a similar but smaller study of 111 patients with ER-positive EBC, the rate of chemotherapy administration Abbreviations: AOR, adjusted odds ratio; RS, recurrence score.
decreased by 58% for an RS of 18 to 25 and increased by 64% for an RS of 26 to 30 after using the RS test, with the RS being the only significant predictor of treatment changes in multivariate analysis. 25 Our study and the one by Fried and Moskovitz 25 likely indicate that the inclusion criteria of the RxPONDER trial are already being adopted by oncologists before the intended prospective validation of the RS assay in this disease setting has been completed. This adoption of use is occurring despite strong recommendations to continue routine administration of adjuvant chemotherapy to patients with node-positive breast cancer regardless of tumor biology. 26 It is noteworthy that the adoption of new treatment modalities while prospective studies were ongoing has previously occurred in the oncology field, at a potential detriment to patients. For many years, use of high-dose chemotherapy intensification followed by autologous bone marrow or stem cell rescue was used and adopted as a standard of care before the completion of prospective randomized trials that were ultimately negative. 27, 28 Similarly, in 2003, the FDA approved the use of gefitinib for treating nonsmall cell lung cancer through an accelerated process based on a single uncontrolled study of 216 patients and despite >200 reports of the potentially fatal side effects of the agent. Nevertheless, more >200,000 patients used gefitinib in the following year. A controlled clinical trial was finally conducted and failed to demonstrate therapeutic benefit. 29 As expected, in our study, higher odds of recommending chemotherapy were observed with larger tumor size, higher tumor grade, and more nodes involved. Moreover, tumor grade had the highest association with higher RS. This reflects the advantage of using the multigene RS assay in predicting tumor biology. 30, 31 Lower trends of ordering RS for higher tumor grades, larger tumor size, and higher number of nodes involved is most likely due to higher trends of recommending chemotherapy for such disease characteristics regardless of the RS result.
Racial differences in incidence, management, and prognosis of breast cancer have been reported in numerous prior studies. 9, [32] [33] [34] [35] [36] Black women have higher mortality rates from breast cancer compared with women of other races. 33, 37 Studies have also shown that black women are more likely to have triple-negative tumors, reflecting less favorable tumor biology. However, survival disparities seem to persist for HR-positive patients when adjusted for various demographic characteristics, tumor stages, and treatment strategies adopted for managing breast cancer. 35, 36 Our study revealed that black patients are more likely to have higher RS results even when accounting for factors such as age, grade, tumor size, and number of lymph nodes involved. This finding is compatible with a previous study by Lund et al 38 that revealed a 2-fold increased likelihood of black women to have high RS test results compared with white women based on a retrospective analysis of cancer data from 3 Atlanta hospitals from 2005 through 2009. It is also compatible with another nationwide study that revealed a trend for high RS among black women with node-negative EBC. 9 Although our study did not reveal racial differences in recommending chemotherapy, black patients were significantly less likely to receive RS testing compared with women of other races. This finding is again compatible with observations by Lund et al. 38 Insurance status parallels the socioeconomic status of the population and is an indicator of healthcare accessibility, affordability, and use. 39 Privately insured patients were more likely to be recommended chemotherapy if they were not tested; such a difference disappeared for those who were tested. Insured patients were more likely to have the RS test compared with uninsured patients, and the privately insured more than the governmentally insured. Most studies that involved trends in use of the RS assay involved either academic 40 or community facilities. [41] [42] [43] A recent meta-analysis of 23 studies revealed that 74% were conducted in academic centers, and the remainder in either community hospitals or mixed community and academic centers, but none compared RS assay trends across facilities. 21 Compared with patients treated at community centers, those treated at more comprehensive and academic centers were more likely to get tested with the RS assay. However, no differences between the centers were noted in terms of recommending chemotherapy in the group that had the test ordered and the group that did not.
Male breast cancer represents approximately 1% of all breast cancer cases. 44, 45 Previous studies showed similar RS results for men and women. However, these studies included both node-positive and nodenegative cases. 45, 46 Our study revealed higher trends of getting the RS test among women. When used as a categorical variable, more men than women fell into the high-risk group. However, the mean RS value was similar for both sexes when used as a continuous variable. In general, sex differences in our study should be interpreted with caution given the small number of men included. Additional studies that have more male cases are needed to evaluate true sex differences.
Our study has certain limitations. Information about the RS test may be erroneously or underreported given the relatively recent adoption of the test. Patients who did not have the test may be deemed inappropriate for testing and/or receiving chemotherapy for reasons not otherwise documented in the NCDB, and hence unaccounted for in our analysis. Although the NCDB covers approximately twothirds of all newly diagnosed cancers, its coverage is found to be lower for elderly patients and those of Hispanic and Alaskan Natives/American Indian origins. 21 The study does not involve patients who were tested from 2013 onward, representing a lag in NCDB data availability. The trends of getting the test and recommending chemotherapy may be different in the more recent years given the presumed wider availability, accessibility, and adoption rates of the RS. The study does not provide information about other pathologic features that may potentially affect clinicians' decision on ordering RS, such as extracapsular extension of disease. The lower representation of uninsured patients may limit the generaliz-ability of the study. Although the date of RS ordering is not reported in the database, the temporal relation between RS ordering and chemotherapy recommendation can be reasonably established given the fact that RS is used as a clinical tool for making chemotherapy recommendations.
Conclusions
Our study revealed that the use of the RS assay influenced clinicians' decision regarding adjuvant chemotherapy recommendations in patients with nodepositive EBC with 1 to 3 lymph nodes involved. Significant differences exist in use of the assay and chemotherapy recommendations based on race, insurance status, and type of facility. Despite lack of prospective data, the oncologists who order the RS assay appear to be already recommending chemotherapy based more on tumor biology represented by the RS results than tumor staging or standard pathologic assessments. Furthermore, it appears that they tend to recommend against using chemotherapy in patients with node-positive EBC with RS <25, influenced by the RxPONDER trial design.
